A monoclonal antibody was used to detect an early antigen of cytomegalovirus (CMV) by fluorescence 16 h after inoculation of MRC-5 monolayers in 1-dram (ca. 3.7-ml) shell vials and low-speed centrifugation. Of 770 specimens (urine, blood, lung tissue, sputum) processed in shell vials, 124 (16%) were positive for the virus at 16 h postinfection. CMV was isolated in standard tube cell cultures (average time, 9 days) from only 88 specimens, but there were no instances (with the exception of 2 blood specimens) in which CMV was recovered from tube cultures but not from shell vials. Additional specimens from 18 patients were positive in the shell vial assay but negative in the conventional tube cell culture assay. Other specimens from 14 of the 18 patients yielded CMV in conventional tube cell cultures. Of the 4 patients from whom CMV was not recovered from other specimens by conventional tube cell culturing, all had evidence of recent CMV infections, as indicated by a fourfold or greater rise in antibody titer. The specificity of the shell vial assay for the detection of CMV is supported by assays of other specimens from the same patients yielding the virus or serological evidence indicating recent infections, the known enhancement of CMV detection after centrifugation of the shell vials, and the distinct and easily recognizable fluorescence confined to the nuclei of CMV-infected celIs. Our data indicate that the shell vial cell culture assay for the detection of CMV is as specific as and more sensitive than conventional tube cell culturing for the diagnosis of CMV infections.
Symptomatic cytomegalovirus (CMV) infection is usually manifested in congenitally infected infants, organ transplant recipients, and other patients, such as those who have neoplastic disease and a compromised immune system (1, 9, 12) . CMV infection traditionally has been detected in laboratories by the recognition of characteristic cytopathic effects (CPE) in human diploid fibroblast cell cultures (14, 17) . However, although this technique is ultimately the most sensitive method for CMV detection, viral isolation is often hampered by slow growth of the virus, generally requiring 7 to 21 days for CPE to occur and in some instances even longer (4, 17) .
Recently, other methods have been developed to detect CMV more rapidly by using cell cultures followed by detection of the virus or antigenic components by immunological techniques. Stagno et al. (16) , using specimens from congenitally infected neonates, detected CMV in cell cultures by using a hyperimmune polyclonal antibody to the early nuclear antigen at 24 h postinfection. Others have used monoclonal antibodies made to CMV antigens and have reported the successful detection of CMV with laboratory strains at 2 to 3 h postinfection (5, 7, 11) ; however, direct comparisons of this method and standard tube cell culturing were not made with clinical isolates. One general disadvantage is that immune reagents have not been available commercially for evaluation by clinical laboratories. Hybridization techniques have been described for direct CMV DNA detection (2) ; however, the use of radioactive probes discourages the routine diagnostic use of such techniques.
We recently reported the use of centrifugal force to enhance the detection of CMV in shell vials containing circular cover slips with a monolayer of MRC-5 cells. A * Corresponding author. monoclonal antibody to an early nuclear antigen was used to detect CMV in urine specimens at 36 h postinfection (3) . In an effort to provide more rapid diagnosis of CMV infections, we used this technique in the present study to detect CMV in clinical specimens at 16 nutrient broth and homogenized with a Stomacher (Tekmar Co., Cincinnati, Ohio), and the extract was centrifuged at 700 x g for 15 min. Conventional tube cell cultures were inoculated with 0.2 ml, and each shell vial was inoculated with 0.1 ml. After inoculation, culture tubes were placed on a roller drum at 36°C and subsequently examined at a 125 x magnification for typical CPE caused by CMV (14) .
Rapid detection of CMV in clinical specimens at 16 h postinoculation. MRC-5 cells were seeded (50,000 cells per ml) into 1-dram (ca. 3.7-ml) shell vials each containing a 12-mm round cover slip and were maintained with MEM until used. Before inoculation, MEM was removed from the shell vial cell cultures, and 0.1 ml of the specimen was added to each of the two vessels. Centrifugation, incubation, and staining of the cell cultures after infection were done as previously described (3, 6, 10) . Briefly, infected shell vials were centrifuged at 700 x g for 1 h at room temperature (Sorvall RT6000 centrifuge; Du Pont Co., Wilmington, Del.). After centrifugation, 1.0 ml of MEM was added to the shell vials, and the cultures were incubated at 36°C. After 16 h of incubation, cover slips with infected monolayers were washed two times in phosphate-buffered saline and fixed in cold acetone for 20 min. Cell monolayers were then stained by the indirect immunofluorescence technique with a CMV monoclonal antibody (3) and a fluorescein isothiocyanate-labeled goat antimouse immunoglobulin G conjugate (Cooper Biomedical, Malvern, Pa.).
CMV detection. The AD169 strain of CMV and two urine specimens positive for CMV were assayed in shell vials to determine the optimal period for assaying with the monoclonal antibody at various times postinfection. The CMV strains were processed as described above, and cover slips were fixed and stained at 2, 6, 12, 16 , and 36 h postinoculation.
CMV serology. Serum immunoglobulin G titers for CMV were determined by the anticomplement immunofluorescence test (14) . RESULTS CMV antigens in infected monolayers in shell vials were detected by the monoclonal antibody after fluorescent-antibody staining as early as 2 h postinfection. Although intense staining was observed at 6 to 12 h postinoculation, we stained the infected cell monolayers at 16 h in this study because most specimens arrived at the laboratory in the early afternoon (Fig. 1) .
Of 770 specimens processed in shell vials and examined by fluorescence after reaction with the monoclonal antibody to CMV, 124 (16%) were positive for CMV at 16 h postinfection. CMV was isolated in standard tube cell cultures (average, 9 days) from only 88 of these 770 specimens. As expected, the yield of CMV from urine specimens in the 16-h assay was most productive (19.4%), as compared with blood specimens (3.7%) and lung tissue specimens (14.3%).
CMV was detected in 36 specimens that were obtained from 23 patients and were processed in shell vial cell CMV was exclusively detected in shell vials and two blood specimens in which CMV produced CPE only in conventional tube cell cultures. DISCUSSION Standard tube cell culturing has been recognized as the most sensitive technique available for CMV detection (4, 17) . The detection of CMV infections by cell culturing, however, depends on the recognition of typical CPE, which develop only after several days in most specimens (3, 4, 17) . Techniques for direct detection in urine sediment and tissue sections have been used in an effort to decrease the time required for CMV detection; however, these techniques have been shown to be substantially less sensitive than cell culturing (5, 8, 15 ; Gleaves et al., in press). We have described a rapid and sensitive method for the detection of CMV in clinical specimens at 16 h postinfection. The assay system makes use of cell culturing but is not dependent on the observation of CPE before detection is attempted. With the use of centrifugal enhancement, which increases the sensitivity of CMV detection from 37.5% to 100%, as compared with conventional tube cell culturing (3), and a monoclonal antibody to an early antigen as the immunological probe, we increased our rate of detection of CMV by 5% and decreased the time required for detection from an average of 9 days to 16 h postinfection.
With the laboratory-adapted AD169 strain of CMV, fluorescence of infected cells was observed as early as 2 h postinfection. However, fresh clinical isolates of CMV generally had to be subcultured for at least 4 h before CMV could be detected with the monoclonal antibody. Although the fluorescence produced in CMV-infected cells was easily recognizable at 6 h postinfection, other cover slips would probably need to be examined at a later time, such as 16 h, to ensure maximum sensitivity of the method. Because most laboratories receive specimens in the late morning and would inoculate them in the afternoon, the results of a 6-h-postinfection assay would be available only after normal working hours, and so a 6-h postinfection assay would probably not be significantly more advantageous than an assay performed at 16 h postinfection.
Of a total of 109 CMV-positive urine specimens, 32 were detected exclusively in shell vials. Although specific toxic effects were not noted in these specimens, urine specimens may possibly impair the development of specific CPE caused by CMV. Because only early antigen formation, rather than CPE, is required to detect CMV in shell vials, the monoclonal antibody assay would seem to obviate this potential problem.
Of seven blood specimens positive for CMV, five were detected exclusively in shell vials, and two were detected only in conventional tube cell cultures. For blood specimens only, the inoculum volume was not uniform in both systems in that 0.3 ml of a leukocyte suspension was introduced into each of three shell vials and 1 ml was introduced into a conventional tube cell culture. Perhaps the cytotoxicity of MRC-5 cells occurred in the conventional tube cell cultures because of the large specimen inoculum, which may have ultimately prevented the recognition of specific CPE caused by CMV. Conventional tube cell cultures should be inoculated concurrently with shell vials for blood specimens until better correlation is obtained.
CMV was detected in 36 specimens from 23 patients by the shell vial assay but not by conventional tube cell culturing. However, we feel that these results were specific for CMV and that the shell vial assay actually was more sensitive than conventional tube cell culturing, because 18 of the patients showed evidence of CMV infections in other specimens either by the recovery of CMV from conventional tube cell cultures or by serological seroconversion to CMV. Further, in our study 88 specimens yielded CMV in both cell culture systems. Moreover, there were no instances, with the exception of two blood specimens, in which CMV was recovered from conventional tube cell culture but was not detected by monoclonal antibody in shell vials. In addition, centrifugation has been demonstrated to enhance the detection of CMV, as compared with noncentrifuged samples (3, 6, 10) . Also, monoclonal antibody combines with an early antigen of CMV and fluorescent conjugate to produce distinct and easily recognizable fluorescence confined to the regular outlined shape of the nucleus of the infected cell.
We feel that the shell vial cell culture assay for the detection of CMV by a monoclonal antibody at 16 h postinfection is as specific as and more sensitive than the conventional tube cell culture assay for the diagnosis of CMV infections.
